###### Strengths and limitations of this study

-   This study used nationally representative data with multistage clustered probability design.

-   Muscle mass was measured by dual-energy X-ray absorptiometry, which is the most widely used and appropriate method for evaluating body composition.

-   The design of this study is cross-sectional, and the causal direction cannot be evaluated.

-   In this study, we did not investigate physical functions or visual function items except for visual acuity.

Introduction {#s1}
============

Impaired visual acuity is a common phenomenon in the older population. This poor vision, which many older people take for granted, is closely linked to geriatric syndrome. In older population, the relationship between decreased visual acuity and increased frequency of falls is well known.[@R1] Decreased visual activity is a significant predictor of falls and is closely linked to the tendency for multiple falls.[@R2] Furthermore, in older patients with diabetes mellitus, visual impairment was independently associated with the functional disabilities.[@R3] Decreased visual function is related to frailty, which can be evaluated using gait speed, grip strength, peak expiratory flow rate and the ability to rise from a chair without arm support.[@R4] According to the previous study of China that included 2476 individuals aged 50--74 years with functional presbyopia, near-vision acuity was positively correlated with hand-grip strength.[@R5] Moreover, a previous observational study that evaluated lower body strength and power showed that compared with the impaired vision group, age-matched and sex-matched participants with normal vision had significantly greater values of peak torque and mean power in the hamstrings and quadriceps.[@R6] Hence, reduced vision in the older population is likely related to reduced muscle strength.

Muscle strength is highly correlated with muscle mass,[@R7] and loss of muscle mass is the starting point of frailty, and in the older population, changes in body composition can be easily linked to the risk of various geriatric syndromes.[@R8] Muscle mass varies due to various causes and can be partially improved by appropriate exercises and sufficient nutrition.[@R9] However, it is not completely understood what affects the reduction in muscle mass and how it can be managed.

We hypothesised that vision, which is related with frailty and strength of muscle, would be closely linked to muscle mass and that poor vision would be an independent risk factor of low muscle mass in men of older population. The purpose of this study was to evaluate the relationship between visual acuity and skeletal muscle mass, a key risk factor for sarcopenia and subsequent geriatric syndrome, in a large older population.

Methods {#s2}
=======

Participants {#s2-1}
------------

This study used data from the Korean National Health and Nutrition Examination Survey (KNHANES). The KNHANES is a nationwide survey that has been collected by the Korea Centers for Disease Control and Prevention since 1998; a multistage sampling design was used to stratify household units based on age, sex and geographic areas in order to identify participants from the general Korean population Therefore, the data are representative of the health and nutritional status and health behaviours of the entire population in Korea. The survey is composed of a self-reported questionnaire (ie, a nutritional questionnaire) and health-related measurements that were obtained by trained staff. Dual-energy X-ray absorptiometry (DXA) was performed as one of the health measurements from 2008 to 2011 in participants aged older than 10 years. A detailed description of the study is provided elsewhere.[@R11] The present study analysed men aged 65 years or older who participated in the KNHANES survey (between 2008 and 2011) and who underwent a health interview as well as health measurements including the DXA scan. After excluding individuals with glaucoma, cataract, macular degeneration and any eventual malignancy, the study comprised 1733 men.

Measures of vision {#s2-2}
------------------

Participants' visual acuity was measured with and without their glasses at a 4 m distance using Jin's vision chart. When the visual acuity value did not reach the threshold of 0.8, the best-corrected visual acuity was measured using the Auto Kerato-Refractometer (KR-8800; TOPCON Corporation, Tokyo, Japan) and the pinhole test. Both eyes were examined separately. In this study, we used the best-corrected visual acuity of the better eye for further analysis. Visual acuity \>0.5 was defined as good, and visual acuity \<0.5 was defined as poor. This value (0.5) represents the approximate lower 10% of visual acuity in the study participants as well as the cut-off value of visual impairment, according to other studies.[@R12]

Assessment of muscle mass {#s2-3}
-------------------------

Whole-body muscle mass was measured using DXA with a fan-beam densitometer (Hologic, Bedford, MA, USA). DXA is the most widely used and appropriate method for evaluating body composition; however, in Asians, DXA tends to overestimate the appendicular muscle mass because of higher adiposity in these populations.[@R14]

In this study, low muscle mass was defined as a value of appendicular skeletal muscle mass (ASM) divided by height squared (kg/m^2^), which was lower than the lowest quintile for the older population from the KNHANES survey[@R15]; the suggested cut-off value was 6.43 kg/m^2^. Height-adjusted methods can be more useful than weight-adjusted methods for identifying and characterising muscle mass in Asian populations.

Statistical analysis {#s2-4}
--------------------

All analyses used integrated weight values proposed by the Korea Centers for Disease Control and Prevention to represent the entire Korean population, including non-responders, considering the multistage probability sampling design of the KNHANES. Weight values were determined by the number of participants and research items of each survey year.

We used χ^2^ test for categorical variables and t-test for continuous variables in order to compare the characteristics between the good and poor vision groups. The results are presented as mean±SE and estimated proportions±SE for continuous and categorical variables, respectively. Multivariable logistic regression analysis was performed to examine the relationship between low muscle mass and visual acuity status after adjusting for covariates. The primary outcome variable was muscle mass status. Factors known to affect the reduction in muscle mass were adjusted in three steps. These factors included age, smoking status,[@R17] frequency of alcohol consumption,[@R18] physical activity,[@R19] comorbidities (ie, myocardial infarction, stroke, hypertension and diabetes)[@R20] and socioeconomic status.[@R21] The level of statistical significance was defined as p\<0.05. Data management and analysis were performed using SPSS V.20.0.

Patient and public involvement {#s2-5}
------------------------------

Our study used data from KNHANES and KNHANES-enrolled general Korean population. Thus, no patient was directly involved in our study.

Results {#s3}
=======

General characteristics of the participants {#s3-1}
-------------------------------------------

The baseline characteristics of the study population are shown in [table 1](#T1){ref-type="table"}. In this representative population, among 1733 older men older than 65 years, 10.1% had reduced visual acuity at values lower than 0.5. Overall, the participants' mean age was 71.99 years. Participants in the poor vision group were older and less obese (lower body mass index and waist circumference) than those in the good vision group (p\<0.001 for both). Between the two groups, no significant differences in lifestyle, including smoking status, frequency of alcohol consumption and physical activity, were observed. There was significant difference in education level between the two groups (p\<0.001), but there was no significant difference in the proportion of national basic livelihood recipients. Participants who had a stroke were more common in the poor vision group than in the good vision group (p=0.030), but the prevalence of other comorbidities such as myocardial infarction, hypertension and diabetes were not significantly different between the two groups.

###### 

Baseline characteristics of study participants categorised by visual acuity

                                        Visual acuity \<0.5   Visual acuity ≥0.5   P value
  ------------------------------------- --------------------- -------------------- ---------
  Age                                   76.43±0.50            71.51±0.15           \<0.001
  Height (cm)                           162.88±0.42           165.09±0.17          \<0.001
  Weight (kg)                           58.97±0.83            63.34±0.32           \<0.001
  Body mass index (kg/m^2^)             22.19±0.28            23.19±0.10           \<0.001
  Waist circumference (cm)              82.52±0.90            84.94±0.330          \<0.001
  Smoking                                                                          0.267
   Never                                10.9 (2.3)            15.8 (1.1)           
   Former                               61.3 (3.9)            57.6 (1.5)           
   Current                              27.7 (3.7)            26.6 (1.3)           
  Alcohol                                                                          0.984
   None                                 13.1 (3.1)            13.7 (1.0)           
   Once a week or less frequent         76.7 (3.6)            76.3 (1.3)           
   More than twice a week               10.2 (2.7)            10.0 (0.9)           
  Regular exercise                      90.4 (2.7)            88.1 (1.0)           0.464
  Education                                                                        
   Elementary or lower                  73.8 (4.0)            48.8 (1.7)           \<0.001
   Middle school                        10.8 (2.6)            19.1 (1.3)           
   High school                          9.6 (2.6)             19.3 (1.2)           
   College or higher                    5.8 (2.1)             12.8 (1.3)           
  Basic livelihood security recipient   5.0 (1.6)             4.4 (0.7)            0.713
  Myocardiac infarction                 1.9 (1.0)             2.3 (1.6)            0.717
  Stroke                                9.1 (2.5)             4.6 (0.6)            0.03
  Hypertension                          38.1 (4.3)            39.8 (1.5)           0.718
  Diabetes                              19.8 (3.4)            14.0 (0.9)           0.071

Data are presented as mean±SE or estimated % (SE).

Values were calculated using a t-test and χ^2^ test.

All analyses used integrated weight values.

Muscle mass according to visual acuity {#s3-2}
--------------------------------------

After adjusting for age, the poor vision group showed lower ASM than the good vision group (19.54±0.09 vs 18.81±0.23; p=0.003). Height-adjusted ASM values were 7.16±0.03 and 7.00±0.07 kg/m^2^ in the good and poor vision groups, respectively, after adjusting for age (p=0.042). Our study criterion for low muscle mass (height-adjusted ASM \<6.43 kg/m^2^) was met by 16.40% and 34.70% of participants in the good and poor vision groups, respectively. [Figure 1A,B](#F1){ref-type="fig"} shows the muscle mass values of participants according to their visual acuity status.

![Comparison of muscle mass according to the visual acuity status after adjusting for age: (A) ASM and (B) ASM/Ht. Data were calculated using the complex sample general linear model. ASM, appendicular skeletal muscle mass; Ht, height.](bmjopen-2019-033846f01){#F1}

Effects of impaired visual acuity on low muscle mass {#s3-3}
----------------------------------------------------

Complex sample logistic regression analysis was performed to evaluate the independent association between impaired visual acuity and low muscle mass in older men. The results of this analysis are presented in [table 2](#T2){ref-type="table"}. After adjusting for age, the OR for low muscle mass was 1.73 (95% CI 1.12 to 2.67; p=0.014; model 1). Similarly, after further adjusting for health behaviours such as smoking status, alcohol consumption and frequency of physical activity, impaired visual acuity in the older men carried a 1.71-fold increased risk of low muscle mass relative to good vision (95% CI 1.03 to 2.84; p=0.039; model 2). Univariate analysis of socioeconomic status including the level of education and the status of national basic livelihood recipient revealed a difference in the incidence of stroke between the two groups, which was further adjusted in model 3; even after further adjustments, this trend was maintained (model 3: OR=1.60; 95% CI 1.02 to 2.50; p=0.040).

###### 

Association between low muscle mass and reduced visual acuity relative to good visual acuity

                                                   Model 1               Model 2   Model 3                                               
  ------------------------------------------------ --------------------- --------- --------------------- --------- --------------------- ---------
  Visual acuity \<0.5                              1.73 (1.12 to 2.67)   0.014     1.71 (1.03 to 2.84)   0.039     1.60 (1.02 to 2.50)   0.040
  Age                                              1.10 (1.07 to 1.13)   \<0.001   1.10 (1.07 to 1.13)   \<0.001   1.10 (1.07 to 1.13)   \<0.001
  Smoking status (reference: never)                                                                                                      
   Former                                                                          1.43 (0.93 to 2.18)   0.128     1.37 (0.90 to 2.10)   0.114
   Current                                                                         1.88 (1.16 to 3.06)   0.011     1.83 (1.12 to 2.98)   0.015
  Alcohol consumption (reference: never)                                                                                                 
   Once a week or less frequent                                                    1.10 (0.70 to 1.72)   0.46      1.10 (0.69 to 1.75)   0.685
   More than twice a week                                                          0.88 (0.44 to 1.73)   0.713     0.87 (0.44 to 1.71)   0.428
  Exercise routine (reference: regular exercise)                                   1.05 (0.68 to 1.61)   0.826     1.02 (0.66 to 1.57)   0.917
  Education (reference: college or higher)                                                                                               
   Elementary or lower                                                                                             1.08 (0.66 to 1.75)   0.748
   Middle school                                                                                                   0.97 (0.55 to 1.71)   0.937
   High school                                                                                                     0.86 (0.49 to 1.49)   0.600
  Basic livelihood security recipient                                                                              1.62 (0.85 to 3.09)   0.141
  History of stroke                                                                                                1.49 (0.82 to 2.71)   0.183

Values were calculated using a multivariable logistic regression analysis.

All analyses used integrated weight values.

Model 1: adjusted for age. Model 2: adjusted for age, smoking status, alcohol consumption and frequency of physical activity. Model 3: adjusted for age, smoking status, alcohol consumption, frequency of physical activity, educational level, the status of basic livelihood security recipient and history of stroke.

Discussion {#s4}
==========

In this representative population-based study, we showed that the prevalence of reduced visual acuity, which was defined as best-corrected visual acuity of the better eye \<0.5, was 10.1% in older men aged 65 years or older. Our study indicated that vision is closely linked to muscle mass and that poor vision is related with low muscle mass in older men, thus validating our hypothesis.

The mechanism by which vision and muscle mass are related is not yet clear. Vision also has an important role in balance control. Visual acuity provides the nervous system with updated information on the position and movements of the body in relation to one another and to the environment.[@R22] According to a previous study that evaluated participants with central field defects followed by age-related macular degeneration, vision contributed to postural stabilisation as participants with reduced vision had difficulties in maintaining their posture compared with participants with normal vision.[@R23] The ability to walk without falling depends on the integration of multiple components that interface balance and gait. Older population who have poor vision can develop compromised gait, and their gait velocity is reduced.[@R24] Participants with age-related acute maculopathy walked slower and exhibited longer swing time with high levels of caution than healthy controls.[@R25] Further, changes in balance and gait can negatively affect an older adult's level of activity, compounding the cyclic nature of physical decline.[@R26]

A previous cohort study demonstrated that blurred vision had an influence on functional status with well-being (measured using a questionnaire on limitations of physical function), feeling of interference with social activities and nervousness along with a depressed mood. Particularly, adults with blurred vision experience role limitations because of physical health problems.[@R27] Older population with poor vision can have difficulty with social networking and experience a decrease in leisure activities. Consequently, the less physically active an individual becomes, the greater the likelihood that muscle mass gradually becomes further compromised.

During the ageing process, the crystalline lens loses its elasticity and normal accommodating power; thus, it cannot adequately focus on objects within reading distance. One of the mechanisms behind presbyopia is the functional failure of ciliary smooth muscles, which play a role in increasing the curvature of the lens and help in accommodation.[@R28] Further research is needed to clarify if muscle mass loss also affects the eye muscles, thereby affecting eyesight.

The present study had a couple of limitations. Along with muscle mass, muscle strength measured using grip strength and physical functions such as gait speed are important in the assessment of older population health, and these variables were not assessed in this study. However, in many studies, muscle mass is shown to be correlated with muscle function, and muscle mass is a key factor in assessments of older populations.[@R29] Another limitation is related to the items used in the evaluation of visual function. Indeed, visual acuity is an important indicator of visual function; however, the visual field can also be considered, and visual efficiency, which is composed of visual acuity, the visual field and eye movement, is a good indicator of visual function.[@R30] In conclusion, the results of this study indicate that poor vision is closely associated with reduced muscle mass, and poor vision might be an indicator of low muscle mass.
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